More and more devices are starting to be connected to the Internet every day. Internet-of-Things (IoT) is known as an architecture where online devices have the ability to communicate and interact with each other in real-time. On the other hand, with the development of IoT related technologies information about devices (i.e. Things) can be acquired in real-time by the humans. The implementation of IoT related technologies requires new approaches to be investigated for novel system architectures. These architectures need to have 3 main abilities. The first one is the ability is to store and query information coming from millions of devices in real-time. The second one is the ability to interact with large number of devices seamlessly regardless of their hardware and their software platforms. The final one is the ability to visualise and present information coming from millions of sensors in real time. The paper provides an architectural approach and implementation tests for storage, exposition and presentation of large amounts of real-time geo-information coming from multiple IoT nodes (and sensors).
INTRODUCTION
Internet of Things (IoT) research has been a key priority for many domains in last 2-3 years. As stated in Moser et al (2014) ; Coetzee and Eksteen (2011) the concept behind IoT is not new and has been around for almost 25 years now, but wasn't officially introduced in a proposal form until 1999. At those years although the concept of IoT was proposed, the internet was only accessible through the computers. Moser et al (2014) argued that when the population of Internet users started to grow and social media sites burst into popularity, it became an era of the Internet of People. The Internet of People has been supported by the social web, sites such as Twitter and Facebook enabled a huge number of humans to get notified about other's states. In this approach a human became subscriber of other people who broadcast messages (to their subscribers). In the first phase, the Internet enabled computers to broadcast their current states to their subscribers, following this, in the second phase Internet enabled People to broadcast their current state. The third phase of the Internet is the era of the Internet of Things. In this era, similar to the previous phases the physical Things that are connected to the Internet broadcast their current states, to its subscribers who can be computers, individual persons or other physical Things. According to Zanella et al. (2014) , Weber (2010) , and Elkhodr et al. (2015) a primary aim of the Internet of Things (IoT) is to bring connectivity to every physical object. It is argued that the Things to Things communications will change many processes ranging from supply chain management to e-health. It is indicated that currently, research on the IoT is aimed at facilitating and enabling the anticipated ubiquitous communications between things with minimal human interventions. In the very near future, societies and businesses will shift from being interested in the IoT technologies to becoming more dependent on the IoT. The IoT applications are not only concerned with acquiring the information through sensors but also with actuating the physical things over the Internet. The combination of sensors and actuators with the ability of controlling them over the internet provides unique opportunities for automation of many tasks in Smart Cities. Rathore et al. (2016) and Zeng et al. (2011) stated that IoT empowers object's capabilities of hearing, seeing, listening and communication. In turn, IoT transforms all objects from being traditional objects towards being smart objects by incorporating ubiquitous and pervasive computing. In the context of IoT embedded devices, communication technologies, sensor networks, Internet Protocols and applications revolutionize the way human beings communicate and manage the environment surrounding them. In the near future billions of smart devices will be communicating with each other and also will be responding to request coming from other devices. Two buzzwords of this new era is IoT and Smart, which are usually pronounced together. Internet of Things will help people in making their world smarter. The IoT paradigm will be realized by the integration of sensor and actuators to everyday objects. These sensors will be able to provide information about the objects, while the actuators will be used for taking actions. For example, the information acquired from the sensors can range from temperature to sound level, while actuators can control limitless number of objects where they can help a car drive by itself or help a gate door become open or shut. The IoT architecture will form the backbone of the Smart Cities and Smart Buildings and Smart Living Style. In addition, information that would be collected from the connected "Things" will form the core of the Big Data. The analysis of this Big Data also provides limitless opportunities.
On the other hand, in the context of Smart Cities and Smart Buildings the role of Geoinformation and Location Based Services is also unique. In other words, information with a "Geo" dimension will have a key importance for many Location Based Processes and Services. The research elaborated in this paper proposes an architecture for facilitating real-time information acquisition from IoT Nodes Geo-Sensor Feeds and presentation of this information using web services. The architecture is unique as it makes use of Graph Databases for storage and dissemination of Geoinformation. The backbone of the architecture is formed by RESTful web services which are interacting with graph databases, while the presentation layer is formed by Event Consumer Services (which also act as the mash-up tool). The database layer of the architecture is formed by the Neo4J graph database and Neo4J Spatial, the RESTful web services are formed as components that can be used to interact with the graph database and output real-time information in form of XML and GeoJSON documents. The presentation layer is formed by ESRI GeoEvent Services which are used to acquire information from XML and GeoJSON documents and publish them in web maps. The architecture described is tested with a few real-life and many virtual sensors. The paper starts by providing a background on the IoT, and on the use of Geoinformation and IoT architectures in enabling smart cities and buildings. The paper later provides the details of the integration architecture proposed and tested for the integration of geo-sensor feeds and event consumer web services for provision of real time sensor information over the web.
BACKGROUND
The realization of the IoT paradigm has dramatically changed the research trends related to Smart Cities and Smart Buildings. In addition, methods for acquisition of real time Geoinformation are also affected from the IoT paradigm. Zhou and Zhang (2011) stated that Internet of Things perceive and collect attribute and spatial information of geographic environment through sensors equipped into power grid, railways, bridges, tunnels and other objects. In this integrated network, a computer cluster will have ability to manage and control personnel, machinery, equipment, and infrastructure in real time. Zhou and Zhang (2011) also mentioned that Internet of Things make physical world 'talk' to people initiatively, so human ability of perceiving environment enhance greatly and 'interactive' features between behaviour and the environment is prominent. For example, in Internet of Things era, visitors of a city can choose and design route in scenic spot by obtaining information from Internet of Things. In addition, authors express that Internet of Things brings a new round of changes in urban space. Urban transport, housing, work and leisure functions, the interaction of urban space, location freedom, and urban renewal will be significantly affected by the implementation of IoT elements in cities. It is already accepted by many researchers that the IoT architecture would have a key role in helping Smart Cities become a reality. Cuff et al (2008) and Zanella et al. (2014) indicated that although there is not yet a formal and widely accepted definition of "Smart City," the final aim in the Smart City approach is to make a better use of the public resources, increasing the quality of the services offered to the citizens, while reducing the operational costs of the public administrations. This objective can be pursued by the deployment of an urban IoT unleashing potential synergies and increasing transparency to the citizens. An urban IoT, indeed, may bring a number of benefits in the management and optimization of traditional public services, such as transport and parking, lighting, surveillance and maintenance of public areas, preservation of cultural heritage, and so on. The authors suggest that the availability of different types of data may also be exploited to increase the transparency and promote the actions of the local government toward the citizens, enhance the awareness of people about the status of their city, stimulate the active participation of the citizens in the management of public administration. Cenedese et al. (2014) stated that the aim of the Smart City paradigm is to make a better use of the public resources, increase the quality of the services offered to the citizens and, in turn, the quality of life in the urban areas, while reducing the operational costs of the public administrations. The concept covers Smart Governance, Smart Mobility, Smart Utilities, Smart Buildings, and Smart Environment concepts. The authors mentioned that public administrators can take pioneer roles in adoption of these concepts, with the vision of seamless integration. Their view of IoT is towards realization of a unified urban-scale ICT platform, thus unleashing the potential of the Smart City vision. In this vision IoT can enable easy access and interaction with a wide variety of devices such as, for instance, home appliances, surveillance cameras, monitoring sensors, actuators, displays, vehicles, and so on. The enormous amount of data generated by IoT elements will then foster the development of new services. Zanella et al. (2014) provided a classification of services in different domains when combined will form the infrastructure of a Smart City. The services in the classification of Zanella et al.(2014) are as follows: Structural Health of Buildings: The urban IoT may provide a distributed database of building structural integrity measurements, collected by suitable sensors located in the buildings, such as vibration and deformation sensors to monitor the building stress, atmospheric agent sensors in the surrounding areas to monitor pollution levels, and temperature and humidity sensors Waste Management: The use of intelligent waste containers, which detect the level of load and allow for an optimization of the collector trucks route, can reduce the cost of waste collection and improve the quality of recycling Air Quality: IoT can provide means to monitor the quality of the air in crowded areas, parks, or fitness trails. Noise Monitoring: IoT can offer a noise monitoring service to measure the amount of noise produced at any given hour in the places that adopt the service Traffic Congestion: Traffic monitoring may be realized by using the sensing capabilities and GPS installed on modern vehicles and also adopting a combination of air quality and acoustic sensors along a given road. City Energy Consumption: IoT may provide a service to monitor the energy consumption of the whole city, thus enabling authorities and citizens to get a clear and detailed view of the amount of energy required. Smart Parking: This service is based on road sensors and intelligent displays that direct motorists along the best path for parking in the city. Smart Lighting: The service can optimize the street lamp intensity according to the time of the day, the weather condition, and the presence of people.
Automation and Salubrity of Public Buildings:
This service is responsible for the monitoring of the energy consumption and the salubrity of the environment in public buildings by means of different types of sensors and actuators that control lights, temperature, and humidity. facilitates processing the data received from the sensors and storing the data in database. It also receives commands from the web application client to control the actuators and stores the commands in database. The actuators make requests to consume the commands in the database through the serer. v.) Web application serving as Cloud services: enable to measure and visualize sensor data, and control devices using a mobile device (e.g., smart phone). Pan et al. (2015) mentioned that the research related to Smart Homes can be categorized into 3 key aspects as i.) Energy monitoring: Through communication networks, the consumption and generation of energy are monitored and logged in different granularities including the whole building, floors, departments, labs, rooms, and even occupants. ii.) Energy modeling and evaluation: Through offline modeling and evaluation, the energy consumption patterns and factors that may influence the consumption and the extent of their impact are identified. iii.) IoT system to apply practical changes and strategy adjustments: The modeling and evaluation results are used to identify the key energy components of the building, to apply adjustments, and to devise strategies to reduce energy consumption. IoT-based networking system is designed and prototyped to realize the strategies and achieve the goal. The researcher also worked on facilitating the interoperability at Smart Homes in semantic level. For example, Sezer et al. (2015) focused on defining a semantic sensor network ontology for smart homes and the implementation of a semantic sensor network simulator for home automation. As mentioned by Jung et al. (2012) , once building automation devices become accessible in the Internet the doors to several, previously not realizable, use case scenarios are opened. The following list provides some example scenarios: Device Maintenance: In an interconnected IoT it becomes possible that the devices themselves notify the device supplier, send a spare part order to the ERP system of the vendor or even arrange a service appointment with a technician.
Smart Grids and Energy Efficiency:
IoT architecture can function as an enabler for solutions that allow to realize the smart grid. In an example scenario, when all persons leave a room, many devices can be switched off automatically. Likewise, if the online calendar indicates a two week vacation the whole building can enter a kind of sleep mode, which means that all devices are switched off instead of residing in standby mode.
Buildings integrated into business processes:
For example, in the case of a conference centre, the building itself is a vital part of the business process. One idea to achieve better control of it is to determine an exact occupancy of people in real-time and adjust the control parameters accordingly. This can be achieved, for example, by persons identifying themselves with access cards containing RFID chips. It is possible to save considerable amounts of cooling or heating energy in any room that will not be occupied within the next hours in such buildings. Smart energy meters will also help in monitoring the energy consumption in Smart Homes. For example, Ożadowicz and Grela (2015) proposed a universal energy meter as an IoT platform module with logical device interface. Functionality of the energy meter has been implemented by a universal Energy Meter functional profile that was developed. The meter supports two main functions: energy meter and data logger. Microlocation (i.e. the process of locating moving objects in micro spaces such as buildings) together with IoT architecture implementations will facilitate several processes in Smart Buildings. Zafari et al. (2016) explained that microlocation is the process of locating any entity with a very high accuracy (possibly in centimetres), whereas geofencing is the process of creating a virtual fence around a point of interest (PoI). The authors argued that microlocation-based location aware solutions will enable the smart building control system through minimal actions performed by the tenants. Bing et al (2011) indicated that there exist some drawbacks for the current smart home systems. First of all, the comfort, leisure, healthcare or monitoring functions of smart homes are implemented by different independent sub systems which are very difficult or impossible to be integrated as a whole. Secondly, once the requirements of users are changed, the design of a smart home system must be changed accordingly. Therefore, the capability of portability of current smart home systems is poor. Furthermore, the current smart home systems are high dependent on personal computers, because they use the home personal computer as gateway for connection between home network and the remote management platform. So it is inconvenient for updating and maintenance. The authors state that the rapid development of IoT related technologies will provide solutions to these problems by integration of information, telecommunication, entertainment, and living systems for supporting centralized control by communication between the home network and Internet (3G or Ethernet).
INTEGRATION ARCHITECTURE
Smart Cities and Smart Homes will benefit from integration of IoT Nodes with other information systems through the web services. In this paper we propose an architecture for facilitating real-time information acquisition from IoT Nodes Geo-Sensor Feeds and presentation of this information using web services. This section will focus on the details of the architecture of the integration.
Enabling Technologies
The service based architecture developed for the integration of geo-sensor feeds with event consumer services is composed of several different software components. A graph database forms the data storage environment, while data stored in the graph database is presented through a RESTful interface in the form of a GeoJSON feed. The information provided by the RESTful services (i.e. the GeoJSON feed) is then consumed by ESRI GeoEvent Extension. The technologies that enable this integration will be elaborated in the following sections.
Graph Databases and Neo4J
Graph Databases has many advantages when compared with standard SQL and NoSQL databases. Robinson et al. (2015) indicated that a graph database management system (i.e. a graph database) is an online database management system with Create, Read, Update, and Delete (CRUD) methods that expose a graph data model. Robinson et al. (2015) mentions following characteristics of graph databases provide several advantages as:
Performance: One compelling reason for choosing a graph database is the sheer performance increase when dealing with connected data versus relational databases and NOSQL stores. Flexibility: As developers and data architects, we want to connect data as the domain dictates, thereby allowing structure and schema to emerge in tandem with our growing understanding of the problem space, rather than being imposed upfront, when we know least about the real shape and intricacies of the data. Graph databases address this issue directly. Agility: The schema-free nature of the graph data model, coupled with the testable nature of a graph database's application programming interface (API) and query language, empower us to evolve an application in a controlled manner. Neo4J is the most commonly known and implemented graph database. Neo4J is a highly scalable native graph database which leverages data relationships as first-class entities, helping in building up intelligent applications.
RESTFul Services
The terms REST and RESTful web services have been coined after the PhD dissertation of Roy Fielding (Fielding, 2000) . As explained by Pautasso (2008) , REST was originally introduced as an architectural style for building large-scale distributed hypermedia systems. According to REST style, a web service can be built upon resources (i.e. anything that is available digitally over the web), their names (identified by uniform indicators, i.e. URIs) representations (i.e. metadata/data on the current state of the resource) and links between the representations. As mentioned by the Techtarget (2015) Once a RESOURCE is created in a RESTful architecture it is constant until it has got DELETEd. The variability is on the REPRESENTATION, as the REPRESENTATION can be UPDATEd using the HTTP protocol methods. The acronym REST stands for REpresentational State Transfer. In a RESTful architecture a REPRESENTATION existent in one STATE of a RESOURCE is TRANSFERRED to a web client and this causes the change of the STATE of the web client.
GeoJSON
As stated in GeoJSON Format Specification (2016) GeoJSON is a format for encoding a variety of geographic data structures in form of JSON (JavaScript Object Notation) objects. The GeoJSON format is a widely used format to represent geoinformation over the web. A GeoJSON object may represent a geometry, a feature, or a collection of features. GeoJSON supports the representation of the following geometry types: Point, LineString, Polygon, MultiPoint, MultiLineString, MultiPolygon, and GeometryCollection. Features in GeoJSON contain a geometry object and additional properties, and a feature collection represents a list of features. Figure 1 below provides a code excerpt from a GeoJSON representation. A point, line and a polygon feature is represented in this code excerpt.
Figure 1: Sample GeoJSON Code

ESRI GeoEvent Extension
As mentioned by ESRI Web Site (2016) ArcGIS GeoEvent Extension for Server can be used to connect with virtually any type of streaming data feed. GeoEvent Extension includes connectors for common data streams including in-vehicle GPS devices, mobile devices, and social media providers. The aim of the GeoEvent services is to detect and focus on the most important events, locations, and thresholds for operations. GeoEvent Extension accommodates multiple streams of data flowing continuously through filters and processing steps that one can define. The extension can be used to track assets on an online map. GeoEvent Extension can be used to track dynamic assets that are constantly changing location (such as vehicles, aircraft, or vessels), or stationary assets, such as weather and environmental monitoring stations. GeoEvent services can be used to automatically and simultaneously send alerts to key personnel, update the map, append the database, and interact with other enterprise systems when locations of objects change or specified criteria are met. Alerts can be sent across multiple channels, such as e-mails, texts, and instant messages.
Integration Architecture
The integration architecture is composed of 4 layers (Fig.2) . The hard nodes of the architecture also contain Arduino (Genuino) UNO components. In these components Arduino Level code is developed and implemented and stored in the microcontroller which presents an XML page, where the light level is displayed in form of a XML Simple Sensor Feed (see. The sensor values in these virtual boards are then stored in form of XML files. In this implementation the authors limited the number of boards to be generated as 100, and number of virtual sensors to be generated for each board as 100. The types and values of sensors on these boards are randomly generated. Figure 6 presents an excerpt from the XML representation of virtual sensor values for a selected virtual IoT Node (i.e. virtual sensor board).
Figure 6. XML Representation of Sensors in Virtual Nodes
The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLI-B4, 2016 XXIII ISPRS Congress, 12-19 July 2016 The second layer of the architecture is formed by the Neo4J Graph Database. The Neo4J graph database is deployed on an Amazon Cloud AWS machine. In order to store spatial data on the Neo4J database "Spatial" component of the Neo4J are deployed following the deployment of the database. Once the database and the spatial DB component is deployed, the (Yun based) CRON job mentioned earlier is used to generate the graph database entities (i.e. features in the database). The Figure  7 below presents the visualisation of entities (i.e. geodata) residing in Neo4J, with the native visualisation environment of the graph database. The third layer of the integration architecture consists of components developed to generate GeoJSON representation of features residing in the Neo4J Graph database. These components query the database on demand and generate GeoJSON representation of the features in order present real time information regarding the states and the values of the sensors. An excerpt from this GeoJSON representation is provided in Figure 8 .
Figure 8. GeoJSON representation of features in Neo4J database
The fourth layer of the integration architecture is formed by ESRI ArcGIS Server GeoEvent Extension. The extension is deployed as a part of an ArcGIS Server deployment in a cloud environment. In order to test the capabilities of the integrated architecture, the GeoJSON representation of the features is provided to the ESRI ArcGIS Server GeoEvent Extension, which was successful in acquiring this information in form of GeoJSON and represent this information in an ArcGIS Webmap. The final results of this integration experiment is provided in Figure 9 , where real-time information coming from real and virtual IoT nodes is acquired with event consumer services and represented in the form of a WebMap. 
CONCLUSIONS
The paper presented an architecture for facilitating real-time information acquisition from geo-Sensor Feeds and acquisition / presentation of this information using web services. The use of Graph Databases for storage and dissemination of Geoinformation makes it a unique architecture. The presentation layer is formed by GeoEvent Services which are used to acquire information from XML and GeoJSON documents and publish them in web maps. The architecture described is tested with a few real-life and many virtual sensors. The integration experiment is designed and realised in 4 layers. The first layer consisted of real and virtual IoT nodes, the second layer is formed by a well-known graph database i.e. Neo4J. In the third layer of the architecture the soft components developed helped the acquisition of information from the graph database and representation of this information in form of GeoJSON. The fourth layer of the architecture is formed by GeoEvent service which is capable of consuming GeoJSON feeds and representing the information provided by IoT nodes in real-time. The experiment proved the concepts of i.) use of graph databases to store geo-sensor feeds and ii.) representation of information acquired from graph databases in form of GeoJSON feeds and iii.) representation of real-time information acquired from IoT nodes in web maps by utilizing multi-layer integration architectures. The future research will focus on implementing the architecture in a larger scale environment.
